Understanding behavioral responses of animals to the thermal environment is of increasing importance under changing climate regimes. Thermoregulatory behaviors, such as exploitation of thermal refugia or temporal partitioning of activity, can buffer organisms against hot and cold thermal extremes but may conflict with other life history needs. Our objective was to evaluate strategies for behavioral thermoregulation by a small-bodied endotherm to test hypotheses about tradeoffs between thermal and security needs across seasons. We quantified the influence of both thermal and security properties of habitat on selection of rest sites by pygmy rabbits (Brachylagus idahoensis), and we identified environmental and endogenous factors affecting levels of activity during summer and winter. Behavioral strategies varied seasonally in response to both thermal challenges and risk of predation. During summer, rabbits selected rest sites with high concealment and low shortwave radiation, but activity levels were independent of ambient temperature. During winter, however, security, but not thermal properties, influenced selection of rest sites, and activity was positively correlated with ambient temperature during the most thermally stressful periods of the day (dawn, dusk, and night). The types of nuanced behavioral plasticity that we documented in response to the thermal environment is likely to be overlooked in evaluations of species tolerance to changing climates. Understanding the potential for behavior to buffer individuals as well as the limits of behavior to shield populations from consequences of climate change is critical for effective conservation of vulnerable species.
INTRODUCTION
Anthropogenic climate change is expected to alter the ecology of species in a variety of ways from broad-scale shifts in distributions (Wu 2015) to fine-scale modifications of individual behavior ). For endotherms, rising temperatures and altered precipitation regimes can directly disrupt behavior (du Plessis et al. 2012 , Edwards et al. 2015 and even result in die-offs (Welbergen et al. 2008 , McKechnie and Wolf 2010 , McKechnie et al. 2012 . Recent research has shown, however, that populations of mammals are not responding to climatic changes as predicted in up to 50% of published studies (McCain and King 2014) . Behavioral modifications that buffer individuals from thermal extremes could reduce the likelihood of population spatial or demographic changes (Scheffers et al. 2014 , McCain and King 2014 , Mathewson et al. 2016 . However, the same behaviors that allow an organism to adjust to climatic variability may be modulated by a variety of environmental and endogenous factors (Shuai et al. 2014) . Disentangling the influence of multiple ecological factors to identify the effect of the thermal environment on behavior can be difficult but is critical under changing climatic regimes.
Behavioral thermoregulation can reduce the physiological consequences of extreme temperatures without resorting to energetically expensive metabolic heating and cooling. Moreover, behavioral options for regulating the temperature that an organism experiences are diverse (Terrien et al. 2011) . Exploitation of thermal refugia is one common behavior employed by both endotherms and ectotherms. Vegetative cover can intercept radiation and provide cool microsites during the day (Turlure et al. 2010 , Marchand et al. 2015 , Pigeon et al. 2016 ), but cover also can provide warm microsites by insulating and re-radiating heat back to the ground surface at night (Benninghoff 1952 , D'Odorico et al. 2012 . Similarly, nests and burrows are characterized by relatively moderate and less variable temperatures than the surrounding environment, and these microhabitats can be important resources when thermal conditions exceed physiological tolerances (Long et al. 2005 , Scheffers et al. 2014 . Temporal partitioning of activity to coincide with periods of reduced thermal stress is another important behavioral mechanism to buffer against extreme temperatures. Flexibility in timing of active bouts can be seasonal (e.g. shifting from diurnal in winter to crepuscular in summer), but it can also occur on much finer temporal scales (e.g. shorter active bouts or fewer bouts on days when temperatures are hot or cold; Cotton and Parker 2000, Murray and Smith 2012) . In fact, plasticity in the timing of activity has been identified as a common trait among small mammalian species that have demonstrated resiliency to climate change (McCain and King 2014) .
Despite the value of thermoregulatory behaviors in protecting organisms against climatic extremes, such behaviors may be at odds with other life history needs and may force individuals to make tradeoffs between resource requirements. This is especially true for prey species that avoid predators both spatially and temporally (Fenn and MacDonald 1995, Carrascal et al. 2001) . The distribution and quality of thermal resources and habitat features that contribute to security (hereafter, security resources) are likely to be positively associated during certain times of the year, but decoupled at other times. For example, overhead canopy might provide refuge from both predators and overheating during summer, whereas open habitats that promote thermoregulation via basking during winter would provide less refuge from predators. Under the decoupled scenario, risk of predation could outweigh costs associated with thermoregulation and force a tradeoff between the use of habitat features for refuge from predators and temperatures (Vaudo and Heithaus 2013) . Similarly, the predation risk allocation hypothesis asserts that prey species should engage in activities such as foraging and mate-seeking during periods of low predation risk (Lima and Bednekoff 1999) , which may or may not coincide with thermally suitable periods. If prey species were to shift the timing of activity to avoid thermal stress, they may be more vulnerable to predation because of increased exposure to predators or exposure to different predators (Fenn and MacDonald 1995) . In landscapes where both security resources and diversity of predators are seasonally variable, animal behavior might reflect a tradeoff between co-occurring risks of predation and potentially lethal temperatures at certain times of the day or year. Thus, behavioral thermoregulation strategies might vary between seasons (Diaz and Cabezas-Diaz 2004 ) reflecting variation in the degree and types of perceived risks.
The objective of this study was to test hypotheses about tradeoffs between thermal and security needs across seasons by evaluating strategies for behavioral thermoregulation by a small endotherm. We investigated selection of thermal resources characterized by microclimate properties such as shortwave radiation, temperature, and wind speed relative to security resources (e.g. concealment and distance to burrow refugia) at rest sites, and we quantified the influence of environmental factors (temperature and moon phase) and endogenous factors (sex and reproductive status) on timing of activity. Our study was conducted on pygmy rabbits (Brachylagus idahoensis), which occur in the sagebrush steppe of the western USA where temperatures can exceed 35 °C during summer and fall below −20 °C during winter. Pygmy rabbits are small mammals (adults weigh approximately 500 g) with a relatively high surface area to volume ratio, and they have higher energy requirements relative to body mass than similar mammals (Shipley et al. 2006) . Furthermore, pygmy rabbits must forage under a variety of environmental conditions throughout the year because they do not hibernate or cache food, nor do lagomorphs store large fat reserves in general (Whitaker and Thomas 1983) . Predation is likely the most immediate risk for pygmy rabbits and accounts for the majority of documented mortalities for both adults (Crawford et al. 2010) and juveniles (Price et al. 2010) . Thus, during climatically challenging periods, the properties of a rest site and variation in activity levels of pygmy rabbits likely represent a balance between risks associated with thermoregulation and predation.
We expected that pygmy rabbits would alter behavior seasonally in response to predation and thermal risks. We hypothesized that pygmy rabbits would use thermal refugia during above-ground resting bouts. We predicted that during summer animals would select rest sites that limited heat gain via radiation and conduction, but animals would select rest sites that facilitated heat gain via radiation and avoided heat loss due to convection during winter. Since predation risk is likely to be high at all times of year, we also hypothesized that individuals would select resting sites that provided relatively high levels of concealment. However, we expected that "basking" behavior during winter (i.e. use of rest sites with increased shortwave radiation) would result in weak selection for concealment from predators during that season. Although pygmy rabbits can be active at all times of day (Katzner 1994 , Larrucea and Brussard 2009 , Lee et al. 2010 , individuals were predicted to alter patterns of activity among days within seasons as a function of the thermal environment. We predicted that nocturnal and crepuscular activity during winter would be positively correlated with ambient temperature because these are often the coldest periods of the day, and animals would avoid engaging in activity when thermal conditions were unfavorable. Additionally, we expected activity during the day in summer would be negatively correlated with ambient temperature because heat generated from activity could exacerbate heat gained from the environment. We had no a priori hypotheses regarding the influence of predation risk on the activity patterns of animals in either season because mortality from predation is high year-round (Sanchez 2007 , Crawford et al. 2010 , but examination of winter activity patterns led us to explore the influence of moon phase on activity in both seasons post hoc.
METHODS

Study Area
We conducted our study in sagebrush steppe habitat in the Lemhi Valley of east-central Idaho, USA, near the town of Leadore. The valley is considered high-desert shrub-steppe (elevation = 1880-2020 m) and receives on average < 25 cm precipitation annually (Western Regional Climate Center 2016), most of which falls as rain in late spring. Average temperatures range from a daytime low of −15.7 °C to a high of −1.2 °C in January and a low of 5.4 °C to a high of 29.0 °C in July, and weather patterns during our study fell within the 30-year normal for temperature and precipitation in the region (Western Regional Climate Center 2016) . The study site is characterized by mounded microtopography known as mimamounds (Tullis 1995) , which tend to have deeper soils than the surrounding matrix that are more suitable for burrowing and also support taller, denser patches of vegetation (Parsons et al. 2016 ). This microtopography results in heterogeneity in the distribution of shrub cover across the site so that resources related to cover can be either clustered or continuous at fine spatial scales. Wyoming big sagebrush (Artemisia tridentata wyomingensis) is the dominant shrub species, with black sagebrush (A. nova), three-tip sagebrush (A. tripartite), green rabbitbrush (Chrysothamnus viscidiflorus), and rubber rabbitbrush (Ericameria nauseosa) occurring less frequently. The matrix between clusters of sagebrush supports a highly variable mix of low-growing shrubs, forbs, and bare ground in the lowest elevations and more continuous grass and forb cover at higher elevations.
Predators in the Lemhi are varied, and can be nocturnal or diurnal, aerial or terrestrial, and resident or migratory. Known predators of pygmy rabbits occurring on our study site include American badgers (Taxidea taxus), coyotes (Canis latrans), long-tailed weasels (Mustela frenata), short-eared owls (Asio flammeus), northern harriers (Circus cyaneus), rough-legged hawks (Buteo lagopus), and Cooper's hawks (Accipeter cooperii; Estes-Zumpf and Rachlow 2009).
We collected site-level climate data using 2 approaches. During the summer of 2014 and the beginning of winter 2015, we recorded ambient temperature every half hour using Hobo Tidbit Stowaway temperature loggers (model v1, Onset Computer Corporation, Bourne, MA). We identified 4 random locations roughly evenly distributed across the study site in ArcMAP v. 10.1 (ESRI, Redlands, CA), and we hung the loggers 30 cm off the ground in the canopy of the nearest A. tridentata. Adjacent loggers were 450-600 m apart with the farthest loggers located 1100 m away from each other. Loggers were housed in polyvinyl chloride pipe caps that were open at the bottom to protect them from direct sunlight and permit airflow around the logger. We averaged the temperatures for the 4 loggers to generate a single thermal profile for the site. During January of 2015, we erected a Hobo weather station (model S-THB-M008) that recorded temperature at a height of 2 m every 5 min, and the same weather station was used during summer 2015. We evaluated the relationship between temperature data collected using the Tidbits and the weather station during a period of overlap in winter 2015. Because the temperatures collected by the 2 methods were strongly correlated (R 2 = 0.919), with divergence occurring only at extreme values, we used temperatures recorded by both devices in our models.
Rest site selection
We used radio telemetry to locate pygmy rabbits for assessing rest site selection during summer (June-August) and winter (JanuaryMarch). Pygmy rabbits were trapped using live traps (Tomahawk, Hazelhurst, WI) covered in burlap placed at burrow entrances. We transferred animals to a mesh handling bag and recorded weight, sex, and reproductive status. Males were determined to be reproductive if their testes had descended, and female reproduction was presumed during the summer season for all adult females. We were able to confirm the reproductive status of females by either weight or hairlessness around the teats for all but one adult female during the summer. Individuals weighing ≥ 300 g were fitted with very high frequency (VHF) transmitters (Holohil, Carp, Ontario, CA) using a zip-tie collar (5 g total weight). We captured and radio tracked 11 animals during summer 2014, 24 unique animals and one recaptured summer animal during winter 2015, and 21 unique animals and 5 recaptured winter animals during summer 2015. All handling and monitoring methods were evaluated and approved by the University of Idaho Institutional Animal Care and Use Committee (Protocols # 2012-23 and #2015-12) and were in accordance with guidelines for the use of wild mammals in research published by the American Society of Mammalogists (Sikes et al. 2016) .
We used a hierarchical screening process to differentiate between resting and active behaviors, and we retained only resting locations in our dataset. First, we located individuals during mid-day, which we expected to be the period of least activity (Larrucea and Brussard 2009, Lee et al. 2010) . Second, while radio tracking, observers would listen for constancy of the VHF signal strength and direction to evaluate if the animal was stationary or moving. Third, when we observed the radio-collared individual, we included locations if the rabbit was 1) undisturbed, inactive, and observed in a resting posture or 2) observed to flush and we documented a form or fresh excrement at the site and there was no indication of foraging in the immediate vicinity of the rest site. Instances in which animals were located in burrows were not included in the dataset, nor did we include any locations where the animal was observed moving or foraging. We located each individual at rest at least 5 times on 5 different days, over an average of 10 days (range 5-23 days per animal).
We measured a suite of variables contributing to thermal exchange with the environment and security from predation at each site used by a resting individual and at 2 randomly-selected available locations situated 10 m from the used site along randomly-generated azimuths. Available locations serve as control plots in a used-available study design, and selection for habitat covariates was inferred by comparing levels of resources between used and available locations (Manly et al. 2002) . We used a 10 m separation between used and available locations to ensure that the available locations were independent microsites from the used rest sites and to represent the relatively fine heterogeneity in distribution of resources on our study site. Microclimate variables included ambient temperature, wind speed, shortwave radiation, ground surface temperature, and relative humidity because these properties directly influence the thermal environment an animal experiences (McNab 2008, Kearney and ). We measured wind speed by holding a propeller anemometer (Kestrel, Weather Republic, Downington, PA) perpendicular to wind direction and averaged values over 3 min. Ambient temperature and relative humidity were measured simultaneously using a combination probe (ExTech Instruments, Waltham, MA), and probe readings were allowed to stabilize (i.e. remain unchanging over 1 min) before recording. Relative humidity was converted to absolute humidity for analysis. Ground surface temperature was measured using an infrared temperature sensor (ExTech Instruments, Waltham, MA). Shortwave radiation (360-1120 nm) was measured using a silicone-cell pyranometer (Apogee Instruments, Logan, UT) held level and away from the body of the observer. All microclimate measurements were made at a height of 10 cm within 15 min of observing the animal at rest sites. Concealment from aerial predators was estimated with a 15 × 15 cm cover board divided into 25 cells. We recorded the number of cells that were ≥ 50% concealed when viewed from a height of 1.5 m. Concealment from terrestrial predators was estimated using a 15 × 15 × 15 cm cover cube viewed from a distance of 4 m at an eye-height of 1 m (Camp et al. 2013 ); values were recorded from the 4 cardinal directions and averaged to attain an estimate of terrestrial concealment. We measured the distance to the nearest intact burrow opening from all used and available locations, since burrows represent refuge from many predators.
We used a case-control, used-available design to evaluate rest site selection (Johnson 1980 , Erickson et al. 2001 , Manly et al. 2002 and conditional logistic regression to compare the thermal and security properties at used and available locations. We included the independent thermal variables (wind speed, ambient temperature, absolute humidity, ground surface temperature, and shortwave radiation) and security variables (aerial concealment, terrestrial concealment, and distance to burrow) as fixed effects. We included an interaction between aerial concealment and distance to burrow in the summer models because closer proximity to refuge may reduce pygmy rabbits' perception of predation risk from an aerial predator (Crowell et al. 2016 ) and therefore its selection patterns for concealment. We also included an interaction between ambient temperature and shortwave radiation in both the summer and winter models because we expected the animals to exhibit shade-seeking behaviors more frequently during hot periods in summer and basking behavior more frequently on cold, clear days during winter. Finally, we included an interaction between shortwave radiation and wind speed in the winter models because heat transfer to the animal via sunlight might offset heat loss due to convection. Observation triplicate (the unique grouping of one used and 2 available locations specific to each individual) was used as a stratifying variable in the model to account for any random effects that were both observation and animal specific. We developed a set of a priori, non-nested candidate models for summer and winter datasets separately that reflected a series of hypotheses describing rest site selection by pygmy rabbits. Because vegetation structure can influence both the thermal and security properties of rest sites, we determined the correlation among all of our predictor variables in both seasons. Highly correlated (r ≥ 0.6) variables were not included in the same candidate models, and we adjusted a priori models as necessary to avoid high levels of collinearity among predictors. We used Akaike's Information Criterion for small sample sizes (AICc) to evaluate support for our candidate models (Burnham and Anderson 2002) , and we evaluated parameter significance based on an 85% confidence interval that did not overlap zero (Arnold 2010) . We drew inferences regarding selection from odds ratios of significant parameters in the top model for each season. Analyses were completed using the "AICcmodavg" package in R (R Core Team 2015, Mazerolle 2016).
Activity
To measure activity, individuals were trapped (as described above) and fitted with ActiWatch triaxial accelerometers (CamNTech, Surrey, UK) and a VHF transmitter using the same collar configuration described above. Rabbits were required to weigh > 385 g to bear weight from the collar, which was substantial (approximately 15 g; ≤ 3.9% of body weight). The use of heavier animals also ensured that they were post-dispersal age based on growth curves (Estes-Zumpf and Rachlow 2009, Elias et al. 2013) , and activity data would not reflect increased movement of a dispersing individual. A small amount of superglue was used to adhere fur to the underside of the accelerometers to prevent them from rotating around the animals' neck. Because the accelerometers measure and sum motion in all 3 axes into a single value, the exact orientation of the device was more important for animal comfort than data collection (Shephard et al. 2008) . We captured and collared 6 animals during summer 2014, 11 unique animals and one recaptured animal during winter 2015, and 11 unique animals and one recaptured winter animal during summer 2015. Animals wore the accelerometers for a minimum of 2 weeks, after which animals were recaptured to retrieve the devices.
We divided the 24-h day into activity intervals (dawn, day, dusk, and night) based on daily times of sunrise and set. We determined the time of sunrise, sunset, civil twilight, and the date of peak full and new moons using the US Naval Observatory calendar (http:// aa.usno.navy.mil/data/index.php [cited 2017 May 30] ). We calculated the time between AM civil twilight and sunrise, and used that time duration before and after sunrise to define "dawn". The same approach was followed to define "dusk" using sunset and PM civil twilight. We used civil twilight as the cutoff for dawn and dusk because it is the limit at which illumination is sufficient, under good weather, for terrestrial objects to be clearly distinguished (US Naval Observatory, http://aa.usno.navy.mil/data/index.php [cited 2017 May 30]). "Day" was defined as the period between the end of dawn and the beginning of dusk, and "night" was defined as the period between the end of dusk and the beginning of dawn. We set the period of a full moon to be the 5 days immediately preceding and following a full moon, and the same criterion was used for new moons. All other days were categorized as partial moons for the analyses.
We summed motion counts for each animal on each day over the periods of dawn, day, dusk, and night, and log transformed them to achieve approximate normality and homoscedasticity. This value (log activity) became the response variable for each observation. Predictor variables included average temperature during the activity interval, moon phase for that calendar day, Julian day, year (for the summer dataset only), sex, reproductive status, and the interaction between sex and reproductive status. We modeled log activity as a function of the predictor variables in each season and activity interval independently to identify the important underlying drivers of behavior during biologically relevant times of day. We used linear mixed effects models to fit a set of candidate models in each of our 8 season × activity interval categories and included individual as a random effect. Candidate models were nested for all winter datasets, but were non-nested for the summer datasets because the global model failed to converge. We used AICc to evaluate support for models during the different activity intervals. The significant parameters from the top models were used to draw inferences about the influence of environmental and endogenous variables on activity (Burnham and Anderson 2002) . Residual plots were visually inspected to ensure model assumptions were adequately satisfied. Analyses were completed using the "lme4" (Bates et al. 2015) and "AICcmodavg" package in R (R Core Team 2015, Mazerolle 2016).
RESULTS
Rest site selection
Both the thermal environment and security influenced rest site selection by pygmy rabbits during summer. We recorded habitat features at 208 groups of used-available locations during summer from 37 individuals (mean = 5.6/individual, range = 5-9). Used sites were characterized by cooler ambient and ground surface temperatures, markedly lower levels of shortwave radiation, and higher aerial and terrestrial concealment than available locations (Table 1) . Of the 14 a priori candidate models for the summer dataset, one model accounted for 95% of the AICc weight and included the parameters for aerial and terrestrial concealment, distance to burrow, and shortwave radiation, all of which were significant (Table 2 ). The odds of a given location being selected over another increased by 38% and 53% for every 10% increase in aerial and terrestrial concealment, respectively. For every additional meter from a burrow entrance, the odds of a rabbit selecting a rest site decreased by approximately 30%. Shade also influenced use of rest sites; every additional 100 W/m 2 increase in shortwave radiation resulted in a 63% reduction in odds of use.
We noted a relationship between warm temperatures and use of depressions in the ground known as "forms" during the summer, which suggested behavioral thermoregulation beyond mere placement of rest sites. During the summer, rabbits used forms at 58% (121) of the rest sites. Air temperature was 8.7 °C (SE = 1.04) higher than ground surface temperature in forms, and the ground surface temperature was higher than the air temperature on only 13 occasions (11%, average difference -2.1° C, SE = 0.37). Of the 87 rest sites where animals did not use forms, the average difference between air and ground surface temperature was lower (5.7 °C, SE = 0.76). Although not measured, forms varied in their dimensions and were asymmetrical. The deepest part of the form was usually backed up against the trunk of a sagebrush plant, and animals were positioned with their rumps in the deepest part. The positioning of the animal in the form likely facilitated both conductive heat dissipation and visibility of the surrounding terrain for predator detection. Animals were observed to use the same form on multiple occasions.
During winter, security properties of a rest site had a greater influence on selection than the thermal characteristics. Our winter data set included 131 groups of used-available locations on 25 animals (mean = 5.2/individual, range = 5-7). Aerial and terrestrial concealment were both higher at used locations than available, and proximity of rest sites to burrows was especially pronounced, with rabbits located within approximately 1 m, on average, from a burrow entrance (Table 1) . Contrary to our expectations, the air temperature at used locations in the winter was not noticeably warmer than at available locations, and shortwave radiation was lower at used than available sites (Table 1) . None of our models had overwhelming support for rest site selection by pygmy rabbits during winter. The model with the greatest overall support (w i = 0.53) included the parameters for distance to burrow and aerial concealment, and these were the only parameters that were consistently significant in all 6 models in the 95% confidence set of models (Table 2 ). Parameter estimates in the top model suggested that a 1 m increase in distance from burrow was associated with a 40% reduction in odds of a given site being used, and the odds of using a site were 78% higher for each 10% increase in aerial concealment.
Activity
Sampling of activity included 2-week periods during winter and summer when some animals of each sex were in reproductive condition. During the summers of 2014 and 2015, we monitored the activity of 19 animals (11 males and 8 females), of which seven were reproductive (1 male and 6 females). During the winter of 2015, we trapped and fitted 12 animals (7 males and 5 females) with accelerometers. Males reached reproductive status earlier than the females, and all 4 of the reproductive animals were males during this season. One male became reproductive between initial capture and collar retrieval. For analysis, we assumed this animal was All models included an additional intercept-only stratifying variable to account for a random effect that is both individual and observation specific. Concealment (conc.) and distance (dist.) have been abbreviated. * denotes significance based on an 85% CI that does not capture 0.
non-reproductive for the first half of the monitoring period, and reproductive for the second half. Pygmy rabbits were active at all times of day during summer and winter despite considerable variation in temperature within and among days (Table 3) . Averaged over all animals, activity was higher in summer than winter but was generally bimodal in both seasons, with average peak activity occurring during or within minutes of the dawn and dusk activity intervals (Figure 1) . However, reproductive individuals were generally active throughout the night during both summer and winter. Daytime activity was low in both seasons regardless of sex, reproductive status, or environmental conditions, but activity was higher during the night than the day particularly during the summer and among reproductive males during the winter (Figure 2) .
During summer, sex and reproductive status influenced activity patterns to varying degrees over the course of a day, but model uncertainty was high and thermal properties had no detectable effect. The model that included only the variable for reproductive status received highest support during the day (w i = 0.39; Table 4 ) and night (w i = 0.28). These models predicted that reproductive individuals were 46% more active than their non-reproductive counterparts during the day and 30% more active at night. During the dawn, the model that included an interaction between sex and reproductive status received the highest support (w i = 0.22), but the sex-only model was indistinguishable (ΔAICc = 0.21; Table 4) . During the dusk, 3 models had nearly identical AICc values, including the null model suggesting that the environmental and endogenous variables we measured had little additional influence beyond the effect of individual on the activity patterns of pygmy rabbits during this interval.
Activity during winter was influenced by both environmental and endogenous factors, depending on the time of day. The global model was the best supported model during the nighttime with almost all of the model weight (w i = 0.98; Table 5 ); it included variables for moon phase, temperature, Julian day, and sex and reproductive status. Activity during new moons and partial moons was 51% and 36% higher, respectively, than activity during full moons at constant, mean temperature; assuming the same moon phase, activity increased by 15% with each 5 °C increase in ambient temperature during the night (Figure 3) . The sex and reproductive status variable was not significant in the top model, however, the model did predict a 10% increase in activity with each successive week. During the dawn and dusk, the model that included variables for sex and reproductive status, temperature, and Julian day received the highest support (dawn w i = 0.54, dusk w i = 0.46; Table 5 ). These models predicted an increase in activity of just under 14% for each 5 °C increase in ambient temperature during the dawn and just under 9% for each 5 °C increase in temperature during the dusk. During both intervals, Julian day predicted a roughly 10% increase in activity with each successive week. Julian day was not correlated with temperature (R 2 < 0.001, P value = 0.933) or moon phase, but animals became reproductive towards the end of the monitoring season. Thus, the confounding effect of Julian day might have made it difficult to detect the effect of reproductive status on activity. During the daytime in winter, the model that included moon phase received the highest support (w i = 0.41; Table 5 ). This model suggested a 30% reduction in daytime activity on days that corresponded to nights with new moons relative to days when the moon was full. Similarly, daytime activity Patterns in both seasons were characterized by low activity during the day, with bimodal peaks during dawn and dusk. Nighttime activity during summer was high relative to other intervals, whereas nighttime activity during winter was generally higher than daytime activity, but lower than crepuscular activity.
was reduced by 25% on days that corresponded to nights with partial moons relative to full moons.
DISCUSSION
Behavioral thermoregulation strategies used by pygmy rabbits varied seasonally in ways that not only buffered animals against hot and cold extremes, but also addressed the risk of predation. During summer, rabbits selected above-ground rest sites with lower levels of shortwave radiation; however, such biophysical parameters had little influence on rest site selection during winter. In addition, animals altered their activity patterns to potentially reduce thermal challenges during the winter but not summer. Rabbits of both sexes were more active with increasing temperatures during the night and crepuscular intervals (i.e. the coldest times of day) in winter. Predation risk seemed to strongly influence both selection of rest sites and activity patterns in both seasons. A post hoc exploration of the influence of moonlight on activity revealed that pygmy rabbits avoided activity on full moon nights in winter but not summer, potentially in response to elevated perception of predation risk. These results suggest nuanced behavioral responses to 2 simultaneous risks that are important for informing predictions about how individuals and populations will respond to a changing climate. Throughout the year, pygmy rabbits selected strongly for habitat features associated with reduction of predation risk (concealment from aerial and terrestrial predators and proximity to a burrow system). During summer, the coupling of both thermal and security resources may be advantageous to pygmy rabbits because animals are not forced to make tradeoffs between resource needs. Organisms can cue on light intensity to identify thermally suitable rest sites (Hertz et al. 1994 , Lagos et al. 1995 , and our animals demonstrated strong avoidance of shortwave radiation in addition to selection for concealment. Although sagebrush structure that provides concealment might concurrently create shade, the relationship between canopy cover and shade is not uniform (Kelley and Krueger 2005) . Concealment is a static property of vegetative cover, and unless the structure of the plant itself or the immediate environment changes (e.g. burial of the plant in snow), concealment remains constant throughout the day and across days. Shade, however, is dynamic and is influenced by both the structure of the surrounding vegetation and properties of the larger environment, including sun zenith and angle, cloud cover, and macro-and microtopography (Davies-Colley and Payne 1998, Campbell and Norman 1998). Our results support the hypothesis that pygmy rabbits select rest sites that reduce both predation and thermal risk.
In addition to selecting sites with low levels of shortwave radiation, animals were located resting in forms in nearly two-thirds of the summer observations. These depressions constructed by the rabbits and used repeatedly were almost always cooler than the air temperature at the same location and likely facilitated heat dissipation via conduction. Thus, the use of forms might have served a behavioral thermoregulation function even though ground surface temperature was not an important variable in the model of summer rest site selection. Indeed, forms are used by several species of leporids for protection from adverse weather conditions and to decrease heat loads (Althoff et al. 1997 , Zollner et al. 2000 , Brown and Kaufman 2003 .
Contrary to our predictions, animals did not seem to select rest sites with higher shortwave radiation or lower wind speeds relative to available sites during winter. Our quantitative results contrast general observations that suggest that pygmy rabbits occasionally bask in open microsites during winter when wind speeds are low and skies are clear. Lee et al. (2010) similarly surmised that the increased activity of pygmy rabbits they recorded near burrow entrances during late afternoon in winter was caused by animals taking advantage of warmer temperatures in sunny locations. We expected that thermal and security resources would be inversely related during the winter when structural features that provide concealment also inhibit the thermal benefits of basking, and animals would be forced to make a tradeoff between them. In fact, the structure of the sagebrush canopy that lent itself to providing concealment provided little to no interception of shortwave radiation in the winter. This circumstance negated the necessity for a tradeoff between thermal and security resources in winter, unless exposure to sunny locations increased the animal's perception of predation risk regardless of the amount of concealment available.
Rabbits selected rest sites near burrows during both seasons, and proximity of a burrow was one of only 2 key habitat features selected during winter. Higher burrow use during winter relative to other seasons has been documented previously for pygmy rabbits (Larrucea and Brussard 2009, Lee et al. 2010) . Predation is the primary cause of mortality (Crawford et al. 2010) , and during winter, the amount of cover provided by vegetation is reduced because of the absence of seasonal or ephemeral leaves on sagebrush, absence of herbaceous vegetation, and burial of sagebrush in snow. Thus, rabbits might perceive a higher risk of predation during winter and seek rest sites closer to a burrow refuge. In fact, pygmy rabbits on our study site were rarely found resting more than a meter from a burrow entrance during the winter. A heightened perception of risk might be exacerbated for individuals that bask, and proximity of the burrow might be a strategy for mitigating the threat. Indeed, a similar pattern of selection for basking sites in close proximity to a refuge was observed during winter in the fat-tailed false antechinus (Pseudantechinus macdonnellensis; Pavey and Geiser 2008) .
An alternative explanation for selection of rest sites near burrow openings is that the burrows also function to provide thermal refuge. The microclimates in burrows on our site were characterized Figure 2 Average activity of pygmy rabbits (Brachylagus idahoensis) during winter 2015 for reproductive males (green), non-reproductive males (blue), and females (red; all non-reproductive) in east-central Idaho, USA. Non-reproductive animals were generally bi-modally active with peaks occurring near dawn and dusk with low overnight activity. Reproductive males, however, had higher levels of activity during most times of day than their nonreproductive counterparts.
by temperatures that were warmer than above-ground temperatures 54% of the time during winter and cooler than above-ground rest sites during summer (Milling 2017) . Many semi-fossorial mammals use burrows during both extreme hot and cold environmental conditions to take advantage of the insulative properties of soil (Chappell and Bartholomew 1981 , Reichman and Smith 1990 , Bao et al. 2013 ). Shuttling thermoregulation, in which an animal moves between patches of optimal and sub-optimal thermal conditions to exploit different resources, has been documented for several species of small mammals during hot environmental conditions (Vispo and Bakken 1993 , Muchlinski et al. 1998 , Long et al. 2005 , but less commonly under cold conditions (Sears et al. 2009 ). Rest sites near a burrow entrance also might reduce the distance over which an animal shuttles to exploit thermal refugia and correspondingly reduce predation risk. Perceived predation risk and the thermal environment had the greatest influence on activity patterns during winter. Consistent with our predictions, we detected a positive association between increasing temperatures and activity levels of our animals during the night and crepuscular intervals when temperatures were at their lowest. We observed a 9-15% increase in activity for every 5 °C increase in ambient temperature. Activity patterns of small mammals during winter commonly are influenced by temperature, particularly during extreme cold periods (e.g. northern flying squirrels, Glaucomys sabrinus, Cotton and Parker All models included an additional intercept-only random effect for individual, and the null model included only this random effect intercept. * denotes significance based on an 85% CI that does not capture 0.
2000; narrow-headed voles, Mycrotis gregalus, Shuai et al. 2014) . Increasing locomotion to generate heat is a potentially viable behavioral thermoregulation strategy (Terrien et al. 2011 ), but given the high surface area to volume ratio of pygmy rabbits, there is undoubtedly a point beyond which environmental temperatures are too cold for that strategy to be effective (Humphries and Careau 2011) , and sheltering in a thermally suitable microclimate would be expected. The temperatures we recorded during night and crepuscular intervals spanned a range > 25 °C and were uncorrelated with day of the year. Thus, the relationship between temperature and activity that we documented likely reflects behavioral thermoregulation in a cold environment.
Nighttime activity patterns of pygmy rabbits were influenced by perception of predation risk during winter but not summer. Pygmy rabbits were considerably less active under full moons during the winter than under new moons. Moonlight illumination is brighter and the moon remains in the sky longer during winter nights, and this, coupled with a reduction in vegetation cover relative to summer, may increase the perception of predation risk under a full moon. Many species of small mammals have been observed to avoid or reduce activity under full moons as an antipredator strategy (Kaufman and Kaufman 1982 , Butynski 1984 , Daly 1992 , Rogowitz 1997 ). Although such behavior has been documented in snowshoe hares (Lepus americanus; Griffin et al. 2005) , this is the first study to identify this behavior in pygmy rabbits. Notably, activity All models included an additional intercept-only random effect for individual, and the null model included only this random effect intercept. * denotes significance based on an 85% CI that does not capture 0. during the daytime in our study revealed a complimentary pattern. Pygmy rabbits were more active at night under new moons and partial moons, but less active during the day relative to full moons. This inversion of levels of activity during the daytime suggests differential partitioning of activity in response to nighttime illumination. Contrary to our predictions, ambient temperature was not related to activity patterns during the daytime in summer. In general, activity levels of pygmy rabbits tended to be lowest during the day when animals were presumably at rest in microsites that conferred some protection from both thermal and predator risks. Predator avoidance has a strong influence on temporal patterns of activity for many prey species, and an inactive animal may be less likely to encounter diurnal predators (Fenn and Macdonald 1995 , Lima and Bednekoff 1999 , Liesenjohann and Eccard 2008 . Terrestrial predators of pygmy rabbits like coyotes and weasels (Mustela spp.) can be active at all times of day, however, coyotes rely primarily on visual detection of prey for hunting (Wells and Lehner 1978, Bender et al. 1996) , and their eyes are adapted to diurnal or crepuscular vision (Kavanau and Ramos 1975) . Similarly, weasels typically hunt during diurnal or crepuscular hours because they are prey of nocturnal avian predators (Jacob and Brown 2000) . Summer activity of reproductive pygmy rabbits was higher than their non-reproductive counterparts during the day. Since our reproductive individuals were almost all females, this pattern was likely because of extended foraging to meet elevated nutritional requirements associated with gestation and lactation (FortunLamothe 2006) .
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Pygmy rabbits are projected to be extinct by 2080 according to current predictions of global climate change (Leach et al. 2015) , however, behavioral plasticity is expected to enhance resilience and persistence (McCain and King 2014, Beever et al. 2015) . Our research suggests high levels of plasticity in behavior of pygmy rabbits in response to a variety of factors including predation risk, endogenous traits, and hot and cold thermal risk. We highlight potential behavioral mechanisms that could help small endotherms like pygmy rabbits to persist despite changing climates insofar as physiological tolerances allow.
The capacity for behavioral plasticity rather than physiological adaptation to buffer against environmental change has been termed the Bogert Effect (Huey et al. 2003) , and this phenomenon may complicate predictions of a warming climate on populations of wild animals. Species that have a high capacity for behavioral thermoregulation (i.e. live in a thermally heterogeneous landscape and are mobile enough to exploit different microclimates) may be able to persist in warming landscapes without adapting physiologically, and thus selective pressure on heat-tolerant genotypes would be absent (Huey et al. 2012 , Buckley et al. 2015 . For species that live in temperate climates where environmental conditions are colder than thermal optima, a warming climate may even be associated with increases in fitness (Deutsch et al. 2008) . This synergy between temporal and spatial thermal heterogeneity and behavioral plasticity can create individual and population level responses that suggest tolerance to warming trends until a threshold is reached beyond which behavior is no longer sufficient for buffering against the physiological consequences of climate change (Huey et al. 2012) . Understanding the diversity and limits of such behavioral plasticity is critical to improving predictions about responses to climate change and developing conservation strategies that are effective in enhancing population persistence.
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